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Description
Technical Field

[0001] The presentdisclosure relates to a furan monomer having a bifunctional hydroxymethyl group and a preparation
method therefor. More particularly, the present disclosure relates to a furan monomer having a bifunctional hydroxymethyl
group, which can be utilized as a raw material for polymers and as a furan monomer precursor, and a method for
preparation thereof from biomass-derived furfuryl alcohol.

Background Art

[0002] Inthe face of the fact that petroleum resources are finite and the deterioration of environmental problems results
from the use thereof, biomass resources have increasingly emerged thanks to the sustainability and eco-friendly ad-
vantage thereof. In this context, development of biomass-based monomer and polymer production techniques is con-
sidered as an important matter in both academic fields and industrial fields.

[0003] Among various bio-derived materials, a furan polymer is a material superior in terms of thermal resistance, acid
resistance, and adhesiveness and is used as a thermosetting or acid-setting resin in the casting industry and in the
adhesive field. A furan structure is produced by thermal decomposition of pentose or hexose into a furfural structure or
hydroxymethyl furfural (HMF) structure, respectively.

[0004] Furan materials in current industrial use are limited, for the most part, to polymers mainly for the reason that
the high reactivity of furan monomers invokes resinification, making it difficult to prepare furan in a monomer form. In
the aspect of usage, furan materials that are high in crosslinking density and are resinified are needed for use as heat-
resistant binder materials in the casting industry, which is the main application field thereof. For this reason, intensive
research has been conducted into the synthesis of high-molecular weight furan polymers. In contrast, low-molecular
weight furan monomers have not attracted commercial interests.

[0005] With the recognition of furan building blocks at a monomer level as important materials, studies have recently
been conducted on furan monomers, centering around developed countries including the U.S.A., the Europe, and the
like. Biomass-derived furan compounds provide various characteristics and properties discriminating from those of
conventional petroleum-derived aromatic compounds and allow the production of furan monomers in purified forms,
which may lead to the synthesis of various standardized furan polymers.

[0006] Representative of the studies is the development of 2, 5-furandicarboxylic acid (FDCA) monomer by Avantium,
Netherland. This company succeeded in developing polyethylene furanoate (PEF), which is a FDCA-based polyester,
with the aim of replacing conventional polyethylene terephthalate (PET) materials. PEF materials are known to exhibit
a gas barrier property up to six times as high as that of PET.

[0007] Meanwhile, studies on the production of a 2, 5-bis(hydroxymethyl) furan (BHMF) monomer having a bifunctional
hydroxymethyl group, which is applicable as a material for polymers such as epoxy resins, are ongoing. However, BHMF
is too high in production cost to commercially apply and is now sold at high price in the reagent market (> 10 $/g).
[0008] The reason of the current high production cost of BHMF is as follows: Conventional BHMF monomers can be
acquired by reducing the precursor HMF derived from hexoses such as glucose, fructose, and the like. However, HMF
is of poor storage because it is apt to easily convert into by-products such as levulinic acid, humain, etc. due to the low
thermal and chemical stability thereof in an aqueous solution phase. Further, HMF, which has a boiling point of as high
as 291°C to 292°C at atmospheric pressure, easily degrades upon distillation and thus is advantageous for high con-
centration/mass production. Consequently, current BHMF production techniques in which hexose-based HMF is isolated
at high purity and then reduced are disadvantageous in terms of efficiency and economic feasibility. Some techniques,
such as the biphasic reaction system (Nature, 2007, 447: 982), etc., have been suggested in order to solve the by-
product production problem, but have encountered many barriers to commercialization because of low yield, restrictive
catalyst use, complicate processes, etc.

Detailed Description of the Invention

Technical Problem

[0009] Intensive and thorough research into economic and efficient synthesis method for BHMF monomers, conducted
by the present inventors, with the aim of solving the foregoing problems, resulted in the finding that furfuryl alcohol other

than HMF can be used as a precursor for production of BHMF, leading to the present disclosure concerning a production
method comprising a hydroxymethylation process of furfuryl alcohol and a high-purification process of BHMF.
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Technical Solution

[0010] A method for producing a furan monomer having a bifunctional hydroxymethyl group (2, 5-bis(hydroxymethyl)
furan (BHMF)) according to various embodiments of the present disclosure may comprise the steps of: using furfuryl
alcohol to synthesize a low-molecular weight furan mixture; and extracting and highly purifying a furan monomer having
a bifunctional hydroxymethyl group from the low-molecular weight furan mixture.

Advantageous Effects

[0011] Invarious embodiments of the present disclosure, a furan monomer having a bifunctional hydroxymethyl group,
such as BHMF, can be very easily synthesized using furfuryl alcohol based on a biomass-derived pentose. The BHMF
production method according to various embodiments of the present disclosure is industrially valuable because the
method utilizes an industrially highly accessible raw material in effectively producing BHMF. Subsequently, the method
can play a critical role in commercializing various derived furan products using BHMF as a raw material. In the sense
that the BHMF production method is based on non-edible biomass or waste biomass, an environmental effect of reducing
petroleum consumption is also expected.

Brief Description of the Drawings
[0012]

FIG. 1is a flow diagram of a BHMF production method according to various embodiments of the present disclosure.
FIG. 2 is a flow diagram concretely explaining a step of synthesizing a low-molecular weight furan mixture in the
BHMF production method according to various embodiments of the present disclosure.

FIG. 3is aflow diagram concretely explaining a step of extracting and highly purifying BHMF in the BHMF production
method according to various embodiments of the present disclosure.

FIG. 4 is a GPC chromatogram of the low-molecular weight furan mixture prepared according to Comparative
Example 1 in the present disclosure, with GPC data recorded therein.

FIG. 5 is a GPC chromatogram of the low-molecular weight furan mixture prepared according to Example 1 in the
present disclosure, with GPC data recorded therein.

FIG. 6 is a GPC chromatogram of the BHMF prepared according to Example 2 in the present disclosure, with GPC
data recorded therein.

FIG. 7 is a GPC chromatogram of the BHMF prepared according to Example 3 in the present disclosure, with GPC
data recorded therein.

FIG. 8 is a FTIR spectrum of the highly pure BHMF prepared according to Example 3 in the present disclosure.
FIG. 9 is a 1H NMR spectrum of the highly pure BHMF prepared according to Example 3 in the present disclosure.
FIG. 10 shows GS-MS data of the highly pure BHMF prepared according to Example 3 in the present disclosure.
FIG. 11 is a graph showing amounts of by-products versus reaction temperatures.

Best Mode for Carrying Out the Invention

[0013] A method for producing a furan monomer having a bifunctional hydroxymethyl group (2, 5-bis(hydroxymethyl)
furan (BHMF)) according to various embodiments of the present disclosure may comprise the steps of: using furfuryl
alcohol to synthesize a low-molecular weight furan mixture; and extracting and highly purifying a furan monomer having
a bifunctional hydroxymethyl group from the low-molecular weight furan mixture.

Mode for Carrying Out the Invention

[0014] Hereinafter, a method for producing BHMF according to the present disclosure will be described in detail with
reference to the following exemplary embodiments. At this time, the following description is not limited to particular
embodiments of the present disclosure, it must be understood as including all of changes, equivalents, and substitutes
included in the spirit and scope of the present disclosure. Also, various components used in the following detailed
description are not limited to the described terms. In addition, all terms used herein, including technical terms and
scientific terms, has the same meaning as commonly understood by those of ordinary skill in the art unless otherwise
defined.

[0015] Hereinafter, detailed exemplary embodiments of the present disclosure will be described with reference to the
accompanying drawings.

[0016] FIG. 1 is a flow diagram of a BHMF production method according to various embodiments of the present
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disclosure.

[0017] Referring to FIG. 1, the BHMF production method according to various embodiment of the present disclosure
may comprise the steps of synthesizing a low-molecular weight furan mixture (S100); and extracting and highly purifying
BHMF (S200).

[0018] In the step of synthesizing a low-molecular weight furan mixture (S100), furfuryl alcohol may be used to syn-
thesize the low-molecular weight furan mixture. The raw material precursor furfuryl alcohol can be obtained typically by
reducing furfural. In contrast to HMF, which is an expensive raw material for conventional BHMF production methods,
furfural and furfuryl alcohol, which are raw material precursors for the method of the present disclosure, are produced
on an industrial scale at low price (1,t $/ton - 1,500 $/ton).

[0019] Furfuralis produced by acid hydrolysis from lignocellulosic biomass and may be obtained by the acid-catalyzed
dehydration of aldopentoses, particularly xylose. In this context, the final product BHMF may be a biomass-based furan
monomer from which bio-derived polymers can be produced.

Biomass — Furfural — Furfuryl alcohol - BHMF — Polymer

[0020] The mainraw material furfuryl alcohol and its precursor furfural are commercialized products (annual production
worldwide 400 thousand tons). Examples of the raw material biomass useful for production of furfuryl alcohol and furfural
include agricultural by-products such as corncob and sugarcane bagasse. This is the point that is discriminated from
the conventional BHMF production methods using HMF, which is produced mainly from edible crops (corn, potato, etc.).
In this sense, a technique for producing furan monomers in which non-edible biomass is used as a starting material is
eco-friendly.

[0021] The commercial application of furfuryl alcohol at the current technical level is limited to furan resins. Furan
resins are utilized in various forms including furfuryl alcohol/urea-formaldehyde resin, furfuryl alcohol/formaldehyde resin,
furfuryl alcohol/phenol/formaldehyde resin, and the like and may be used alone or in combination with a filler/supplement,
depending on purposes. Because conventional furan resins aims to be of high corrosion resistance, chemical resistance,
and thermal resistance, focus has been made on the synthesis of high-molecular weight furan polymers. There have
been some examples of developing furan resins with a high low-molecular weight content. However, the resins is limited
to the use of providing high-molecular weight furan resins with solubility and thus with compatibility with other resins.
The production/purification of furfuryl alcohol-derived BHMF monomers alone as in the present discloses are not found
previously.

[0022] Various embodiments of the presentdisclosure disclose an economical and effective BHMF monomer synthesis
method by which BHMF can be produced using non-edible biomass- or waste biomass-derived furfuryl alcohol other
than HMF, which is conventionally used.

[0023] FIG. 2is a flow diagram concretely explaining the step of synthesizing a low-molecular weight furan mixture in
the BHMF production method according to various embodiments of the present disclosure.

[0024] With reference to FIG. 2, the step of synthesizing a low-molecular weight furan mixture (S100) in the BHMF
production method may include the steps of hydroxymethylating furfuryl alcohol (S110) and recovering unreacted furfuryl
alcohol (S120).

[0025] In the step of synthesizing a low-molecular weight furan mixture (S100), the three side reactions of i) formation
of levulinic acid, ii) Diels-Alder reaction, and iii) self-condensation can be controlled. That is, the step of synthesizing a
low-molecular weight furan mixture (S100) can maximize the BHMF content with the minimization of the three side
reactions. In the step of synthesizing a low-molecular weight furan mixture (S100), a maximum of BHMF contents and
a minimum of side reactions can be achieved by i) inhibiting levulinic acid formation through the minimization of moisture
content in the reactor, ii) minimizing a Diels-Alder reaction through the control of a reaction temperature range, and iii)
minimizing self-condensation through acid catalyst selection and raw material composition ratio control. Greater details
are given as follows.

[0026] In the step of hydroxymethylating furfuryl alcohol (S110), the raw material furfuryl alcohol, solid-phase formal-
dehyde, and an acid catalyst may be mixed together. The solid-phase formaldehyde may be, for example, paraformal-
dehyde. In the step of hydroxymethylating furfuryl alcohol (S110), monomeric formaldehyde resulting from thermal
degradation of paraformaldehyde may combine with furfuryl alcohol. According to various embodiments of the present
disclosure, the minimization of moisture content in the reactor and the inhibition of levulinic acid formation can be achieved
by using paraformaldehyde as a hydroxymethylation material. Thus, an improvement can be brought about in the yield
of BHMF and, in turn, in the separation efficiency of furan monomers in a subsequent process.

[0027] Typically, the hydroxymethylation reaction employs formalin, an aqueous solution of formaldehyde, as a raw
material. Commercialized formalin is an aqueous solution of 30 % to 35 % by weight of low-molecular weight formaldehyde.
The use of formalin is advantageous in terms of raw material control and feeding, but increases a moisture content in
a reactor to generate a significant amount of levulinic acid as a by-product upon hydroxymethylation, giving rise to
decreasing a reaction yield and a separation efficiency of furan monomers.

[0028] In the present disclosure, paraformaldehyde, which is a polymerized, solid-phase formaldehyde, is fed as a
raw material and then thermally degraded into monomeric formaldehyde through the control of reaction temperatures,
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with the concomitant hydroxymethylation of furfuryl alcohol, thereby minimizing the moisture content in the reactor.
[0029] The step of hydroxymethylating furfuryl alcohol (S110) may be conducted at a temperature of 100°C to 150°C.
More particularly, the step may be conducted at a temperature of 100°C to 120°C. In this condition, the Diels-Alder
reaction can be minimized while the yield of BHMF can be improved. In detail, in case that the process temperature
exceeds 150°C, a Diels-Alder reaction may be drastically induced upon BHMF synthesis using furfuryl alcohol, leading
to gelation within several minutes. If occurring, gelation makes it impossible to proceed additional reactions and recover
the product. At high temperatures, furfuryl alcohol undergoes a Diels-Alder reaction, which is further facilitated in the
presence of an acid catalyst. When occurring simultaneously, the self-condensation and Diels-Alder reaction of furfuryl
alcohol invokes drastic gelation, together heat generation, thus making the normal production of BHMF impossible. In
contrast, a process temperature less than 100°C may not activate decreased thermal degradation and hydroxymethylation
of paraformaldehyde, thus decreasing production efficiency.

[0030] In the step of hydroxymethylating furfuryl alcohol (S110), the acid catalyst is an organic acid with a pKa of 3.0
to 6.4 and may be selected from the group consisting of acetic acid, acetoacetic acid, adipic acid, azelaic acid, benzoic
acid, citric acid, cyclohexanecarboxylic acid, enolpyruvic acid, formic acid, fumaric acid, galactaric acid, galactonic acid,
glucaric acid, gluconic acid, glutaric acid, glyceric acid, glyceric acid 2-phosphate, glycolic acid, glyoxylic acid, hydroxy-
butyric acid, isobutyric acid, isophthalic acid, itaconic acid, lactic acid, levulinic acid, malic acid, methyl malonic acid,
pimelic acid, succinic acid, suberic acid, tartaric acid, terephthalic acid, monosodium succinate, disodium citrate, and a
combination thereof. More particularly, the acid catalyst may be an acid with a pKa of 3.5 to 4.5. For example, succinic
acid may be used as the acid catalyst. According to various embodiments of the present disclosure, delimitation of the
pKa of the acid catalyst to 3.0 to 6.4 allows the suppression of unnecessary self-condensation while guaranteeing acidity
sufficient enough to conduct hydroxymethylation. In consideration of the reaction mechanisms in which both the hy-
droxymethylation and the self-condensation are activated by an acid catalyst, it is impossible to achieve the complete
exclusion of the self-condensation (the perfect removal of side reactions). In various embodiments of the present dis-
closure, the acid catalyst is controlled to retain a suitable acidity so that the hydroxymethylation predominates over the
self-condensation.

[0031] In detail, an acid catalyst with a pKa of 2.0 or less may be unsuitable for the production of low-molecular weight
furan monomers because self-condensation and Diels-Alder reactions are conducted very fast in the presence of the
acid catalyst so that the synthesized products are, for the most part, polymerized. On the other hand, an acid catalyst
with a pKa of higher than 6.4 provides an acidity insufficient to perform hydroxymethylation, resulting in a decreased
reaction efficiency and a low output of BHMF relative to input raw materials and obtained by-products.

[0032] Meanwhile, an acid catalyst with a pKa of 3.0 to 6.4 may be contained in an amount of 0.05 phr to 0.3 phr
relative to furfuryl alcohol. When an acid catalyst with a pKa of 3.0 to 6.4 is used in an amount less than 0.05 phr relative
to furfuryl alcohol, the hydroxymethylation for producing a low-molecular weight furan mixture may be too slowly con-
ducted. In addition, more than 0.3 phr of an acid catalyst with a pKa of 3.0 to 6.4 relative to furfuryl alcohol may increase
amounts of by-products.

[0033] In the step of hydroxymethylating furfuryl alcohol (S110), the furfuryl alcohol may be mixed at a 2- to 30-fold
greater molar ratio to formaldehyde. Particularly, the furfuryl alcohol may be mixed at a 6- to 15-fold greater molar ratio
relative to formaldehyde. The ratio may contribute to setting a condition under which the production of BHMF relative to
furan polymers can be maximized. In various embodiments of the present disclosure, minimum levels enough to conduct
hydroxymethylation may be applied to the reaction temperature and catalyst activity so as to minimize the output of
polymers. Meanwhile, a too long time of the reaction may afford a significant amount of by-products and may provoke
that the already produced BHMF participates in additional polymerization and does not exist as a monomer anymore.
In order to solve these problems, excess furfuryl alcohol relative to formaldehyde is fed such that BHMF is produced
within as short as period of reaction time as possible, with the consequent reduction of the output of by-products, in
various embodiment of the present disclosure. In addition, unreacted furfuryl alcohol can be simply recovered by vacuum
distillation and can be reused. In detail, when furfuryl alcohol is fed at a molar ratio less than 2, only insufficient hy-
droxymethylation is performed so that a significant amount of residual formaldehyde exists, together with the problem
of low yield. Application of a severe condition for encouraging entire formaldehyde to participate in the reaction may be
accompanied by an inevitable increase of polymers. Although increasing BHMF productivity, molar ratio of more than
30 of furfuryl alcohol inevitably requires an increased volume of the reactor relative to the product and consumes much
energy and time for recovering unreacted furfuryl alcohol, which is of no commercial use.

[0034] In the foregoing process condition, for example, the step of hydroxymethylating furfuryl alcohol (S110) may be
conducted for two to eight hours. A process time less than two hours does not guarantee sufficient hydroxymethylation
of furfuryl alcohol, resulting in a significant amount of residual formaldehyde and a decreased BHMF yield. When the
process time exceeds eight hours, an increase may be brought about in a side reaction, a Diels-Alder reaction, and
unnecessary self-condensation which lead to levulinic acid formation, gelation, and by-product formation, respectively.
[0035] The step of hydroxymethylating furfuryl alcohol (S110) may comprise a neutralization process. After a suitable
process time, for example, a process time of two to eight hours, a neutralization process may be conducted to neutralize
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the acid catalyst. A neutralization material for the neutralization process may be, for example, NaOH. The amount of
the neutralization material may vary depending on the input of the acid catalyst.

[0036] In the step of recovering unreacted furfuryl alcohol (S120), the furfuryl alcohol that has not participated in the
reaction can be recovered after the step of hydroxymethylating furfuryl alcohol (S110). Following the neutralization
process, for example, the step of recovering furfuryl alcohol (S120) may be conducted by cooling and dehydrating the
reaction mixture, followed by vacuum distillation at 100°C to 150°C. According to various embodiments of the present
disclosure by-product output is reduced so that unreacted furfuryl alcohol can be simply through vacuum distillation and
can be reused.

[0037] The low-molecular weight furan mixture synthesized through the step of synthesizing a low-molecular weight
furan mixture (S100) may contain 50 % or greater of furan polymers, including BHMF, having five or less furan ring
repeat units. In addition, the BHMF obtained through the step of extracting and highly purifying BHMF (S200) may
account for 50 % or greater of furan polymers having two or less furan ring repeat units and a hydroxymethyl group at
each of the opposite ends.

[0038] FIG. 3 is a flow diagram concretely explaining the step of extracting and highly purifying BHMF in the BHMF
production method according to various embodiments of the present disclosure.

[0039] In the step of extracting and highly purifying BHMF (S200), highly pure furan monomers can be separated from
the low-molecular weight furan mixture obtained in the step of synthesizing a low-molecular weight furan mixture (S100).
In the low-molecular weight furan mixture obtained in the step of synthesizing a low-molecular weight furan mixture
(S100), the target material BHMF coexists with residues after the neutralization of the acid catalyst, including catalyst
acid salts, levulinic acid salts, and a trace of residual furfuryl alcohol, and a significant amount of furan oligomers (n=1,
2, 3,...) . Inmost cases, such impurities are found at various contents of 10 % to 50 %, and a total content of the impurities
and ratios of individual impurities can be controlled depending on reaction conditions. In the step of extracting and highly
purifying BHMF (S200), the impurities can be removed to highly purify BHMF.

[0040] With reference to FIG. 3, the step of extracting and highly purifying BHMF (S200) may comprise at least one
of the steps of fractionating the low-molecular weight furan mixture with water to recover the BHMF dissolved in the
aqueous layer (S210), adding an organic solvent to remove insoluble salt components (S220), and dissolving the mixture,
followed by cooling the solution to crystallization (S230). Even when any one of these three steps is used alone, a
significant effect can be brought about. When used together, two or more of the three steps can further enhance the
high purification efficiency. In addition, the three steps can be applied sequentially, but the embodiments of the present
disclosure are not limited thereto.

[0041] In the step of fractionating the low-molecular weight furan mixture with water to recover the BHMF dissolved
in the aqueous layer (S210), a reverse fractionation method using water may be availed to remove a non-aqueous
portion containing relatively high molecular weight oligomers among furan oligomers. In this method, BHMF and most
low-molecular weight furan oligomers are dissolved in an aqueous fraction present at the upper portion while the relative
polymers exist as resins in the lower fraction. BHMF and low-molecular weight furan oligomers dissolved in water can
be recovered by dehydrating the aqueous layer, and the water recovered through the dehydration process can be reused.
The amount of water fed for the fractionation may be 1- to 10-fold greater and particularly 2- to 5-fold greater than the
weight of the low-molecular weight furan mixture obtained in the step of synthesizing a low-molecular weight furan
mixture (S100). When water is fed in an amount less than the weight of the low-molecular weight furan mixture, the
extraction and fractionation of BHMF may be degraded with the resultant failure of the reverse fractionation in providing
a significant performance. The amount of water greater than the 10-fold weight of the low-molecular weight furan mixture
enhances the efficiency of separating the low-molecular weight portion, but inevitably requires an increased volume of
the fractionation tank and consumes much energy and time for dehydration, which is of no commercial significance.
[0042] In the step of adding an organic solvent to remove insoluble salt components (S220), a selective dissolution
and filtration method taking advantage of a solubility difference may be applied to the removal of catalyst acid salts and
levulinates. BHMF and furan oligomers are highly soluble in polar organic solvents whereas catalyst acid salts and
levulinates exhibit very poor solubility and thus exist in a solid phase in polar organic solvents. Therefore, after the
mixture is dissolved in an organic solvent, a salt fraction in a solid phase can be effectively separated by filtration. The
BHMF and furan oligomers dissolved in the organic solvent can be recovered by removing the organic solvent through
vacuum distillation of the aqueous layer. The distilled organic solvent can be reused. In this regard, the organic solvent
is a polar solvent and particularly is selected from the low-molecular weight alcohol solvent group consisting of methanol,
ethanol, propanol, isopropanol, and butanol, the low-molecular weight ketone solvent group consisting of acetone,
butanone, pentanone, and methyl isobutyl ketone, or a combination thereof.

[0043] In the step of dissolving the mixture in an organic solvent, followed by cooling the solution to crystallization
(S230), a crystallization process for enhancing BHMF purity may be utilized. When used, the two foregoing steps (S210
and S220) for high purification allows the production of BHMF monomers having a purity of 80 % or higher. Because
furan oligomers are contained therein, the impurities accounting for the residual 20 % or less can be used as a polymer
materials such as epoxy, etc. As needed, however, a crystallization process may be further employed for the production
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of BHMF monomers having a purity of 90% or higher.

[0044] Because BHMF and furan oligomers, although different in the number of the repeat unit, are common in taking
a furan ring and a hydroxymethyl group in the principal structure thereof, it is difficult to selectively crystallize BHMF
alone. Hence, in the sense of solubility selectivity, which is a principle for crystallization, the selection of suitable solvents
which provide low solubility for BHMF and high solubility for furan oligomers has a critical influence on the crystallization
efficiency. After extensive investigation into various commercially accessible solvents, the present inventors found that
some ketone-or alcohol-based solvents have strengths on the solubility selectivity. After a mixture of BHMF and furan
oligomers is fed into an organic solvent, a BHMF saturated solution is obtained in the condition of a medium temperature
of 40°C or higher. Upon heating at a temperature higher than 76°C, which is the melting point of BHMF, BHMF and the
organic solvent may exist as a liquid mixture phase, depending on kinds of the solvent. Subsequently, cooling the
saturated solution or liquid mixture allows the deposition of BHMF monomer crystals. Their purity increases relative to
that before the crystallization. The organic solvent is particularly selected from the group consisting of methanol, ethanol,
propanol, isopropanol, butanol, acetone, butanone, pentanone, methylisobutyl ketone, and a combination thereof, and
more particularly selected from the group consisting of propanol, isopropanol, butanol, acetone, butanone, and a com-
bination thereof. Typically, a higher input of the solvent relative to the fraction of a solid phase allows a higher BHMF
purity after crystallization, but a lower recovery rate, and vice versa.

[0045] Below, a detailed description will be given of the method for producing BHMF of the present disclosure, with
reference to the following Comparative Example and Examples.

COMPARATIVE EXAMPLE 1

[0046] After furfuryl alcohol, formalin, and succinic acid were fed together into a reactor as indicated for relative weight
ratios of the raw materials in Table 1, below, the raw materials were allowed to react with each other for 4 hours at
atmospheric pressure while the temperature was maintained at 80°C. Thereafter, liquid-phase NaOH was fed in an
amount of 2 molar ratios relative to the input of succinic acid to neutralize the reaction mixture. After being cooled to
60°C and depressurized to 100 torr, the reaction mixture was dehydrated.

EXAMPLE 1 (Synthesis of Low-Molecular Weight Furan Mixture)

[0047] After furfuryl alcohol, paraformaldehyde, and succinic acid were fed together into a reactor as indicated for
relative weight ratios of the raw materials in Table 1, below, the raw materials were allowed to react with each other for
4 hours at atmospheric pressure while the temperature was maintained at 120°C. Subsequently, liquid phase NaOH
was fed in an amount of 2 molar ratios relative to the input of succinic acid to neutralize the reaction mixture. The reaction
mixture was cooled to 60°C and depressurized to 100 torr before dehydration. After completion of the reaction, unreacted
furfuryl alcohol was recovered while the temperature and the pressure were maintained at 120°C and 100 torr, respec-
tively. Finally, a reddish brown viscous liquid fraction was recovered. In nature, BHMF exists as a solid phase at room
temperature. Since furan structure-based liquid impurities is soluble in BHMF, the low-molecular weight furan mixture
was recovered as a liquid phase.

TABLE 1
Comparative Example 1 Example 1
Input raw material - Relative weight ratio Furfuryl alcohol-100 Furfuryl alcohol-100
Formalin (37%)- 165 Paraformaldehyde (91%)- 3.5
Succinic acid- 0.5 Succinic acid- 0.2
Reaction condition 80°C, 1bar, 4hr 120°C, 1bar, 4hr
Catalyst neutralization O O
Dehydration O O
Furfuryl alcohol recovery X O
Contentin Reaction mixture (GPC area%) BHMF 16.6% BHMF 51.0%
Levulinic acid 40.4% Levulinic acid 5.1%
Furfuryl alcohol 36.7% Furfuryl alcohol 11.5%
The others 6.3% The others 32.4%
BHMF/Levulinic acid Ratio 0.41 10
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[0048] FIG. 4 is a GPC chromatogram of the low-molecular weight furan mixture prepared according to Comparative
Example 1 in the present disclosure, with GPC data recorded therein. FIG. 5 is a GPC chromatogram of the low-molecular
weight furan mixture prepared according to Example 1 in the present disclosure, with GPC data recorded therein.
Respective samples from the reaction products according to Comparative Example and Example 1 were dissolved at
2.5 wt% in THF before GPC analysis (Shimadzu, Gel Permeation Chromatography Systems; Shodex, KF-801, 802,
803, and 805 Columns) with tetrahydrofuran (HPLC grade) used as a mobile phase at a flow rate of 1 ml/min and at an
analysis temperature of 40°C.

[0049] Referring to FIG. 4 and Table 1, the analysis result shows that the sample from the low-molecular weight furan
mixture obtained according to Comparative Example 1 had a significantly high concentration of levulinic acid (RT=39.5
min, 40.4 area%), and a relative small amount of the target material BHMF (RT=38.9 min, 16.6 area%), indicating that
whenformalin was used as a raw material, contact with water causes furfuryl alcohol to predominantly undergo conversion
to levulinic acid over the target reaction hydroxymethylation. In Comparative Example 1, a significant amount of residual
furfuryl alcohol was also detected since unreacted furfuryl alcohol was not recovered (RT= 40.4 min, 36.7 area%).
[0050] With reference to FIG. 5 and Table 1, the analysis result shows that the target material BHMF occupied the
larger half of the sample from the low-molecular weight furan mixture obtained according to Example 1 (RT=39.1 min,
51.0 area%). Levulinic acid, which was detected in a significant amount in Comparative Example, was greatly reduced
in Example 1 (RT=39.8 min, 5.1%). These data imply that when paraformaldehyde is used, contact with water is minimized
so that the target hydroxymethylation predominantly occurs than conversion to levulinic acid. Since unreacted furfuryl
alcohol was recovered, the content of residual furfuryl alcohol was reduced in Example 1 (RT=40.6 min, 11.5 area%).

EXAMPLE 2 (Removal of Impurities from Low-Molecular Weight Furan Mixture)

[0051] Impurities presentinthe low-molecular weight furan mixture synthesized in Example 1 were removed as follows:
first, reverse fractionation using water was conducted in order to remove a non-aqueous portion containing high-molecular
weight oligomers. Water was added in an amount four-fold larger than the weight of mixture, followed by stirring for 15
min at room temperature to set a condition under which BHMF could be dissolved in water. Thereafter, the mixture was
poured to a separatory funnel and left to stand for 30 min to allow fractionation. A yellow aqueous BHMF solution was
located in the upper portion of the separatory funnel while a non-aqueous polymer furan mixture appeared reddish brown
in the lower portion of the separatory funnel. The upper and the lower layer were separated and the upper aqueous
BHMF layer alone was used in subsequent processes.

[0052] Then, the recovered aqueous BHMF solution was dehydrated. In the reactor, the aqueous BHMF solution was
dehydrated at 60°C and 100 torr while being stirred. The condition of 80°C and 30 torr was applied within as short as
the last 30 min of the dehydration so that even a trace amount of moisture was removed. As the BHMF monomers
recovered after dehydration were cooled to a temperature below the melting point 76°C, the monomers were crystallized
and existed as a solid phase at room temperature.

[0053] Additionally, the BHMF monomers were dissolved at a weight ratio of 1:3 of acetone to remove the catalyst
acid salts and levulinates that were present in trace amounts therein. Stirring for 30 min at about 30°C completely
dissolved the BHMF monomers while the catalyst acid salts and levulinates existed as suspended matter. The suspended
matter was removed by vacuum filtration with a filter put on the Buchner funnel, and the BHMF monomer fraction in
acetone was recovered. The recovered solution was completely dried through the distillation of acetone, with the con-
sequent recovery of yellow solid-phase BHMF monomers.

[0054] FIG. 6 is a GPC chromatogram of the BHMF prepared according to Example 2 in the present disclosure, with
GPC data recorded therein. A 2.5 wt% solution of BHMF obtained according to Example 2 in THF was subjected to GPC
instrumental analysis (Shimadzu, Gel Permeation Chromatography Systems; Shodex, KF-801, 802, 803, 805 Columns).
At an analysis temperature of 40°C, tetrahydrofuran (HPLC grade) was used as a mobile phase at a flow rate of 1 ml/min.
[0055] With reference to FIG. 6, the analysis result of the BHMF recovered according to Example 2 shows that the
target material BHMF predominates in the sample (RT=39.2 min, 82.4 area%). Almost all of the polymer fraction was
removed and the residual unreacted furfuryl alcohol in the low-molecular weight furan mixture was also eliminated in
the fractionation and dehydration processes and observed to be present at a content less than 1 %.

EXAMPLE 3 (BHMF Crystallization)

[0056] Crystallization of the BHMF monomers obtained in Example 2 enhanced the purity of BHMF. Addition of acetone
at a weight ratio of 0.5 to BHMF monomers was followed by stirring at 55°C for 30 min. After stirring, a liquid-phase
BHMF-acetone solution was recovered and then cooled to 25°C while stirring. The stirring was continued for 6 hours
with the temperature maintained. Highly pure BHMF in a powder phase was deposited with the cooling of the solution
and increasingly increased in output with the continuation of stirring. The highly pure, powdery BHMF was recovered
by vacuum filtration with a filter put on a Buchner funnel. The acetone solution passing through the filter was separately
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collected for reuse. In the condition of vacuum filtration, the BHMF powder was exposed for a short time to and coated
with a small amount of acetone for primary wash. Subsequently, the BHMF powder was surface washed with n-hexane
to remove the acetone solution from the surface thereof. Finally, highly pure, off-white BHMF powder was obtained and
dried for 1 hour in a 60°C oven before instrumental analysis.

[0057] FIG. 7 is a GPC chromatogram of the BHMF prepared according to Example 3 in the present disclosure, with
GPC data recorded therein. A 2.5 wt% solution of BHMF obtained according to Example 3 in THF was subjected to GPC
instrumental analysis (Shimadzu, Gel Permeation Chromatography Systems; Shodex, KF-801, 802, 803, 805 Columns).
At an analysis temperature of 40°C, tetrahydrofuran (HPLC grade) was used as a mobile phase at a flow rate of 1 ml/min.
[0058] Referring to FIG. 7, the analysis result shows that the BHMF was highly purified (RT=39.2 min, 99.7 area%).
[0059] FIG. 8is a FTIR spectrum of the highly pure BHMF prepared according to Example 3 in the present disclosure.
[0060] Referring to FIG. 8, FT-IR instrumental analysis (Jasco, FT/IR-4100) data for the highly pure BHMF are as
follows.

FT-IR (equipped with ATR accessory): 3318, 3224, 2943, 1561, 1453, 1398 cm-1

[0061] FIG.9isa1HNMR spectrum of the highly pure BHMF prepared according to Example 3 in the presentdisclosure.
[0062] Referring to FIG. 9, 1H NMR instrumental analysis data for the highly pure BHMF are as follows.

1H NMR (400MHz, D20): 6 6.31 (s, 2H), 4.51 (s, 4H) ;

[0063] FIG. 10 shows GS-MS data of the highly pure BHMF prepared according to Example 3 in the present disclosure.
A 0.2 wt% solution of the highly pure BHMF obtained in Example 3 in THF was subjected to GC-MS instrumental analysis
(Shimadzu, GCMS-QP5050; SGE Analytical Science, BP5 Column).

[0064] WithreferencetoFIG. 10, the highly pure BHMF prepared according to Example 3 was found to have a molecular
weight of 128, identical to the value known in previous documents, as measured by GC/MS instrumental analysis.
[0065] Meanwhile, an experiment was conducted to examine whether a reaction temperature range has an influence
on the synthesis of the low-molecular weight furan mixture in Example 1. That is, an examination was made to see
whether or not the temperature range of 100°C to 150°C in which the step of hydroxymethylating furfuryl alcohol (S110)
is conducted as described above is useful for the stability of the raw material furfuryl alcohol and suitable for effectively
controlling the amount of by-products. Requiring a temperature of 100°C or higher, the hydroxymethylation of furfuryl
alcohol is accompanied by the generation of some by-products such as high-molecular weight furan polymers, etc.

EXAMPLE 4 (Generation of By-Product According to Reaction Temperature)

[0066] Furfuryl alcohol was fed, together with 3 phr (parts per hundred resin) of succinic acid, into a reactor the inner
temperature of which was then elevated at a rate of 20°C/hr while stirring the reactants. Polymerization occurred by self-
condensation with the elevation of temperature in the reactor, and the furfuryl alcohol turned dark in color.

[0067] FIG. 11 is a graph showing amounts of by-products versus reaction temperatures. That is, FIG. 11 explains
the effect of reaction temperatures on the stability of furfuryl alcohol. Samples were taken from the material prepared in
Example 4 at regular intervals of 10°C in the temperature section from 80°C to 160°C and each of the samples was
subjected to GPC analysis to quantify by-products. For GPC instrumental analysis (Shimadzu, Gel Permeation Chro-
matography Systems; Shodex, KF-801, 802, 803, 805 Columns), the samples were dissolved in an amount of 2.5 wt%
in THF. At an analysis temperature of 40°C, tetrahydrofuran (HPLC grade) was used as a mobile phase at a flow rate
of 1 ml/min.

[0068] With reference to FIG. 11, the temperature range of 100°C to 150°C was observed to effectively control the
generation of by-products as the output of by-products was measured to be 20% or less relative to the input of furfuryl
alcohol. Particularly, the output of by-products was 5 % relative to the input of furfuryl alcohol in the temperature range
of 100°C to 120°C which was thus identified to very effectively control the generation of by-products. More than 20% of
by-products was detected at 160°C or higher. When the hydroxymethylation of furfuryl alcohol was maintained for the
typical time 2 hours or longer at a temperature exceeding 150°C, the reaction mixture increased in viscosity and tem-
perature by gelation and turned into a recovery-impossible solid phase.

[0069] Meanwhile, an experiment was conducted to examine whether pKa range of the acid catalysts selected have
an influence on the synthesis of the low-molecular weight furan mixture in Example 1. Requiring an acid catalyst, the
hydroxymethylation of furfuryl alcohol is accompanied by the generation of some by-products such as high-molecular
weight furan polymers, etc. In Example 5, the stability of the raw material furfuryl alcohol was identified according to acid
catalysts and pKa ranges of the catalysts in which the generation of by-products can effectively controlled are shown.

EXAMPLE 5 (Measurement of Output of By-Product According to Acid Catalyst)
[0070] Furfuryl alcohol (referred to as "FA" in Table 2, below) was fed, together with 3 phr of each of the acid catalysts

listed in Table 2), into a glass vessel which was then hermitically sealed and exposed for 90 min to a 90°C oven. As the
reactant was exposed to the acid catalysts, polymerization occurred and furfuryl alcohol turned dark in color. Some of



10

15

20

25

30

35

40

45

50

55

EP 3 604 290 A1

the mixture was gelled to solidification.

[0071] The samples were cooled to room temperature and subjected to GPC analysis to quantify by-products. For
GPC instrumental analysis (Shimadzu, Gel Permeation Chromatography Systems; Shodex, KF-801, 802, 803, 805
Columns), the samples were dissolved in an amount of 2.5 wt% in THF. At an analysis temperature of 40°C, tetrahy-
drofuran (HPLC grade) was used as a mobile phase at a flow rate of 1 ml/min.

[0072] In order to test the generation of by-products and the stability of the raw material according to pKa of acid
catalysts, Example 5 employed 3 phr of the acid catalysts, which is greater than the amount of the acid catalysts in
Example 1. However, an acid catalyst may be fed in an amount of 0.05 phr to 0.3 phr relative to furfuryl alcohol upon
the practical preparation of the low-molecular weight furan mixture, as described above.

[0073] As is understood from the data of Table 2, the output of by-products in the presence of an acid catalyst with a
pKa of 4.0 or higher was 10 % relative to the input of furfuryl alcohol. For the sample to which 3 phr of citric acid having
a pKa of 3.13 was applied, the output of by-products was increased. However, because the acid catalyst is used in an
amount of 0.05 phr to 0.3 phr relative to furfuryl alcohol upon the practical preparation of the low-molecular weight furan
mixture according to the present disclosure, the content of by-products will be less than 26.8 %. Hence, citric acid can
also be used as an acid catalyst according to the present disclosure. On the other, oxalic acid and phosphoric acid,
which both have a pKa less than 4.0, causes complete gelation, making recovery and GPC analysis impossible (by-
product content ~100%).

TABLE 2
Acid Oxalic acid Phosphoric Citric acid Succinic acid Monosodium Disodium
catalyst (1.25) acid (2.15) (3.13) (4.21) succinate (5.41) citrate (6.40)
(pKa)
Relative FA-100 Acid | FA-100Acid FA-100 Acid FA-100 Acid FA-100 Acid FA-100 Acid
Wt ratio catalyst-3 catalyst-3 catalyst-3 catalyst-3 catalyst-3 catalyst -3
Rxn 90°C, 1bar, 90°C, 1bar, 90°C, 1bar, 90°C, 1bar, 90°C, 1bar, 1.5hr 90°C, 1bar,
Condition 1.5hr 1.5hr 1.5hr 1.5hr 1.5hr
By- ~100% ~100% 26.8% 6.9% 1.8% 0.5%
product
content
Phase Gel Gel Liquid Liquid Liquid Liquid
[0074] The features, structures, effects, and the like described in the above-described embodiments include at least

one embodiment of the present invention, but the present invention is not limited only to one embodiment. Further, the
features, structures, effects, and the like illustrated in each embodiment may be combined or modified to other embod-
iments by those skilled in the art. Therefore, contents related to the combination or the modification should be interpreted
to be included in the scope of the invention.

[0075] In addition, while the present invention has been particularly described with reference to exemplary embodi-
ments, the presentinvention is not limited thereto. It will be understood by those skilled in the art that various modifications
and applications, which are not illustrated in the above, may be made without departing from the spirit and scope of the
present invention. For example, each component illustrated in the embodiments may be modified and made. It should
be interpreted that differences related to these modifications and applications are included in the scope of the invention
defined in the appended claims.

Industrial Applicability

[0076] Invarious embodiments of the present disclosure, a furan monomer having a bifunctional hydroxymethyl group,
such as BHMF, can be very easily synthesized using furfuryl alcohol based on a biomass-derived pentose. The BHMF
production method according to various embodiments of the present disclosure is industrially valuable because the
method utilizes an industrially highly accessible raw material in effectively producing BHMF. Subsequently, the method
can play a critical role in commercializing various derived furan products using BHMF as a raw material. In the sense
that the BHMF production method is based on non-edible biomass or waste biomass, an environmental effect of reducing
petroleum consumption is also expected.
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Claims

1.

10.

1.

12.

13.

A method for preparing a furan monomer having a bifunctional hydroxymethyl group (2, 5-bis (hydroxymethyl) furan
(BHMF)), the method comprising the steps of:

using furfuryl alcohol to synthesize a low-molecular weight furan mixture; and
extracting and highly purifying the furan monomer having a bifunctional hydroxymethyl group from the low-
molecular weight furan mixture.

The method of claim 1, wherein the step of synthesizing a low-molecular weight furan mixture comprises a step of
hydroxymethylating the furfuryl alcohol by mixing the furfuryl alcohol, solid-phase formaldehyde, and an acid catalyst.

The method of claim 2, wherein the solid-phase formaldehyde comprises paraformaldehyde.

The method of claim 3, wherein the step of hydroxymethylating the furfuryl alcohol allows the furfuryl alcohol to be
associated with monomeric formaldehyde produced by thermal degradation of the paraformaldehyde.

The method of claim 2, wherein the step of hydroxymethylating the furfuryl alcohol is conducted at a temperature
of 100°C to 150°C.

The method of claim 2, wherein the furfuryl alcohol is mixed at a 2- to 30-fold greater molar ratio to the formaldehyde.

The method of claim 2, wherein the acid catalyst is mixed in an amount of 0.05 phr to 0.3 phr relative to the furfuryl
alcohol.

The method of claim 2, wherein the acid catalyst is an organic acid with a pKa of 3.0 to 6.4 and is selected from the
group consisting of acetic acid, acetoacetic acid, adipic acid, azelaic acid, benzoic acid, citric acid, cyclohexane-
carboxylic acid, enolpyruvic acid, formic acid, fumaric acid, galactaric acid, galactonic acid, glucaric acid, gluconic
acid, glutaric acid, glyceric acid, glyceric acid 2-phosphate, glycolic acid, glyoxylic acid, hydroxybutyric acid, isobutyric
acid, isophthalic acid, itaconic acid, lactic acid, levulinic acid, malic acid, methyl malonic acid, pimelic acid, succinic
acid, suberic acid, tartaric acid, terephthalic acid, monosodium succinate, disodium citrate, and a combination thereof.

The method of claim 2, further a step of recovering unreacted furfuryl alcohol which has not undergone hydroxymeth-
ylation.

The method of claim 1, wherein the step of synthesizing a low-molecular weight furan mixture synthesizes a low-
molecular weight furan mixture containing BHMF in an amount of 51 wt% or greater relative to the total weight of
the mixture.

The method of claim 1, wherein the step of extracting and highly purifying the furan monomer comprises the steps of:

fractionating the low-molecular weight furan mixture with water to recover the BHMF dissolved in the aqueous
layer;

adding an organic solvent to remove insoluble salt components; and

dissolving the mixture, followed by cooling the solution to crystallization.

The method of claim 11, wherein the fractionating is conducted by adding water at a 1- to 10-fold greater weight
ratio relative to the low-molecular weight furan mixture and recovering the upper aqueous BHMF layer.

The method of claim 11, wherein the organic solvent is a polar solvent capable of selectively dissolving BHMF and
is selected from the low-molecular weight alcohol solvent group consisting of methanol, ethanol, propanol, isopro-
panol, and butanol, the low-molecular weight ketone solvent group consisting of acetone, butanone, pentanone,
and methyl isobutyl ketone, or a combination thereof.

1"
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FIG. 1
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FIG. 8
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FIG. 10
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FIG. 11
Temperature effect on stability of furfuryl alcohol
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